Between March and July 2003, 671 cases of severe acute respiratory syndrome (SARS) were diagnosed in Taiwan with a total of 84 fatalities. After the epidemic, a serological survey was conducted involving the asymptomatic household contacts. Household contacts of 13 index patients were enrolled in the study. Contact history and clinical symptoms of the household contacts were recorded by standardized questionnaires. Blood samples of patients and household contacts were collected at least 28 days after symptom onset in the index patients or household exposure in the contacts for SARS-associated coronavirus (SARS-CoV) IgG testing. On the basis of this investigation, 29 persons (25 adults and 4 children) were identified as having had unprotected exposure to the index cases before infection-control practices were implemented. Laboratory evaluation of clinical specimens showed no evidence of transmission of SARS-CoV infection to any contacts. This investigation demonstrated that subclinical transmission among household contacts was low in the described setting.
INTRODUCTION
Severe acute respiratory syndrome (SARS) is an emerging infectious disease caused by a novel SARSassociated coronavirus (SARS-CoV) [1] . It has caused outbreaks in China, Hong Kong, Taiwan, Singapore and Canada and 8096 cases of probable SARS were reported globally in 2003 [2, 3] . The case-fatality rate was 13 % for patients<60 years of age and 43 % for those aged o60 years [4] . SARS-CoV is highly infectious in the hospital setting. Health-care workers accounted for 37-63 % of suspected SARS cases in some case series [4] [5] [6] [7] . On the other hand, household transmission seemed to be less efficient. A significant number of household close contacts remained asymptomatic after unprotected exposure. Whether subclinical infections occur among family members and whether they may seroconvert to the SARS-CoV with minimal or no symptoms remains unknown. Therefore, a serology survey was conducted on these household contacts at least 28 days after unprotected exposure to the symptomatic index patients. We wanted to elucidate factors influencing household transmission of SARS-CoV and predict possible population immunity against SARS-CoV after the epidemic. 
METHODS

Study design and population
The study was a cross-sectional survey. We invited 63 consecutive SARS patients to join the study. Initial treatment was carried out in the Emergency Department of the National Taiwan University Hospital from March to May 2003. The modified World Health Organization (WHO) criteria was used as the case definition, including temperature of o38 xC, cough or shortness of breath and new pulmonary infiltrates shown on chest X-ray in the absence of an alternative diagnosis to explain the clinical signs and symptoms [8, 9] . All patients' infections were either confirmed serologically or SARS-CoV RNA was detected by RT-PCR.
A household was defined as a residential place with a unique address. A household index was a person with probable SARS and the first person to introduce SARS into the household. A household close contact was defined as a person living in the same household as the household index during their illness and having cared for, lived with, or had direct contact with respiratory secretions or body fluids of a suspect or probable case of SARS.
Survey content and administration
Data collection
All probable SARS case-patients were informed by a letter briefly describing the nature of the study. Blood of the participants was collected for SARS-CoV IgG analysis. Contact history was recorded by a standardized questionnaire with interviews conducted by physicians. The questionnaire collected basic demographics, exposure duration from fever onset to hospitalization and behaviour regarding close contact with the index patient. The study was approved by the hospital Ethics Committee and written informed consent was provided by all participants.
Data analysis
Laboratory examination SARS-CoV IgG was detected by a standard indirect immunofluorescence antibody assay (IFA). Spot slides for IFA were prepared by applying the suspension mixed with SARS-CoV-infected Vero E6 cells and uninfected cells. Slides were dried and fixed in acetone. The conjugates used were goat antihuman IgG conjugated to fluorescein isothiocyanate (Organon Teknika-Cappel, Turnhout, Belgium). The starting dilution for serum specimens was 1 :25. The assay sensitivity has been shown to be 99 . 1 %, with a specificity, positive predictive value and negative predictive value of 87 . 8, 88 . 1 and 99 . 1% respectively [10] .
Statistical analysis
Fisher's exact test, x 2 test, or Student's t test was used where appropriate. A P value of <0 . 05 was considered statistically significant. Statistical analysis was performed using SPSS software, version 12.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
The 63 patients with probable SARS resided in 59 households. Of these, four patients lived in the same households as the index cases and were considered as co-primary cases because they had similar exposure and similar time of illness onset. A total of 29 household contacts from 13 households completed the questionnaires and had serum samples collected. Contacts from the remaining 46 (79 . 03%) households were not included because two did not have household members and the rest declined participation. The basic demographics, severity of disease on presentation and exposure duration from fever onset to hospitalization between participating and nonparticipating patients were not statistically different (see Table) . The participating index patients were distributed mainly in the middle course of the epidemic, with one in March, nine in April and three in May. None were health-care workers. Of the participating contacts, the mean age was 37 . 8 years [range 3-89, 95 % confidence interval (CI) 33 . 82-41 . 73], with four paediatric contacts aged<15 years of age (mean 10 . 2, 95 % CI 5 . 32-15 . 13). The mean length of exposure was 4 . 2 days (range 2-7, 95 % CI 2 . 40-6 . 06). Sharing the same toilet (86 . 2 %, 25/29) was the most frequent contact behaviour, followed by sharing the same dish of food (75 . 9%, 22/29), hugging (31 . 0 %, 9/29) and sleeping together (31 . 0%, 9/29). Twenty-seven out of 29 (93 . 1%) household contacts did not have any noticeable illness after exposure. Of the two household contacts reporting symptoms during the period, one had self-limited watery diarrhoea and the other had a chronic cough. The interval between household exposure and blood sampling ranged from 78 to 121 days, with a mean of 93 . 8 days (95 % CI SARS-CoV IgG. All 12 (100 %) serum samples from index patients in the convalescent phase were positive for SARS-CoV IgG. One index patient died before the study started and a diagnosis of SARS was confirmed by RT-PCR.
DISCUSSION
SARS-CoV transmission is now understood to involve close contact with symptomatic patients [1-3].
Previous research focused mainly on the risk of secondary transmission among household contacts, while our investigation addressed the seroepidemiology and clinical manifestations of the non-case household close contacts [11, 12] . As shown in this investigation, none of the household contacts seroconverted to SARS-CoV.
There were some limitations to this study. First, transmission in the households might not have been as efficient compared with the hospital setting, as shown by reports from Canada, Philippines and United States where the household transmission rate was<6% [13] [14] [15] . One explanation for this might be that household exposure usually occurred in the early stages of the disease while transmission efficiency appears to be greatest during the second week of illness [16] . Data from Singapore showed that few secondary cases occurred when symptomatic cases were isolated within 5 days of illness onset [17] . Similarly, RT-PCR data from Hong Kong indicate that viral excretion in nasopharyngeal aspirate specimens peaked on days 12-14 of illness [18] . All household exposure in our study occurred within 1 week of symptom onset. Hence, the chance of being exposed to respiratory secretions with high viral loads was greatly reduced.
The risk of exposure to faeces of the index patients could not be ignored in this investigation. Twenty-five out of 29 contacts (86 . 2 %) reported having shared toilet facilities with the index patient. Previous studies reported that viral excretion in faeces was two orders of magnitude greater than in nasopharyngeal aspirate specimens. They also reported that SARS-CoV RNA detection in faeces peaked between 9 and 14 days [18] . Although the absence of seroconversion could also be explained by the relatively low viral shedding in faeces in the early course of illness, it was also possible that SARS-CoV might exist in a non-transmissible form in faeces. Previous reports have shown that no viable virus could be grown from faecal specimens despite substantial viral shedding detected in these samples [12] .
We tried to calculate the sample size required to determine a transmission rate with a 95% CI of ¡10 % and a two-tailed significance level of 0 . 05. According to previous reports, the transmission rate among the household contacts would be lower than that among the hospital contacts. In a Canadian case series, nursing staff having contact with probable SARS case-patients in the emergency department had a transmission rate of 44% [6] . If we assumed the risk of transmission was equal in all participating contacts and probably half of that in the Canadian case series (22 %), at least 65 participants should be included in the study. Our study has a reduced sample size of 29 patients, which would result in a wider confidence interval of ¡15%. When determining whether the seropositive rate in our study was equal to that among the general population, the study was also underpowered. A recent study involving 938 healthy Hong Kong adults, whose serum had been stored as part of a hepatitis B serosurvey in 2001, indicated that SARS-CoV IgG was detected in 1 . 8 % of the samples [19] . In comparison with the results, our study has a 0 . 1% calculated power to detect a relative 50% difference from that sample. Results of this investigation should be interpreted in light of these limitations. The small number of participants does not allow for accurate estimation of the risk of transmission to household members. Moreover, the survey is vulnerable to both recall and reporting bias. Finally, contacts who refused to participate might have done so because they were concerned about the risk or suffered from the psychological stress of exposure to the hospital and health-care personnel, since the study was carried out 1 . 5 months after the SARS epidemic in Taiwan.
In conclusion, this study characterized the seroepidemiology of the asymptomatic household close contacts. We have shown that the risk of subclinical transmission among household contacts was low in the described setting and immunity to SARS-CoV among household contacts may be low. Given that the study numbers were limited, a larger scale analysis of the asymptomatic close contacts in past SARS cases would be helpful in verifying these findings.
